RJ, Reyes-Serratos E, Befus AD. A novel biomarker associated with distress in humans: calcium-binding protein, spermatid-specific 1 (CABS1).
. Other studies have identified a range of markers involved in the innate mucosal immune response, such as IgA, mucins, lactoferrin, and cystatin S, which respond to acute laboratory (7, 54, 75) or real-life (6, 28, 40, 48) stress. Markers of adaptive immune activity, such as ILs or chemokines, have also been found secreted in saliva and altered by stressors in the laboratory (27, 53) or real life (2, 76) . Exploration of stress-sensitive protein markers in saliva continues to evolve (10, 34, 46, 70, 75) , and discovery of new markers and their function in organisms' adaptation to challenge and adverse life conditions holds promise for improved understanding of the stress response and the development of novel interventions.
One such marker may be calcium-binding protein, spermatid-specific 1 (CABS1), previously also known as casein-like phosphoprotein, chromosome 4, open-reading frame 35 , and testis development protein NYD-SP26, identified in spermatids in selected phases of spermatogenesis and originally thought to be testis specific (11, 29) . However, recently, we detected CABS1 expression in human submandibular and parotid glands and lungs and described multiple molecular weight forms of CABS1, the profile that appears to be tissue specific (71) . Moreover, we discovered that human CABS1 contains an amino acid sequence (TDIFELL) with anti-inflammatory activities and with close homology to an anti-inflammatory sequence (TDIFEGG) identified in a related salivary gland protein, submandibular rat 1 (SMR1) (38) .
Interestingly, SMR1 is a prohormone with peptide fragments that have a diversity of biological activities, ranging from inhibition of inflammatory responses (18, 33, 37, 41) to effects on erectile function (41, 72, 79) , analgesic activity (60) , and modulation of mineral balance in tissues (61) . SMR1 is under neuroendocrine regulation (39, 45, 59) , and it has been postulated that its fragments and their functions are differentially regulated by autonomic and endocrine pathways.
Given that CABS1 may be an ortholog of SMR1, with similar tissue distribution and multiple molecular weight forms, we postulated that CABS1 might be influenced by neuroendocrine pathways as is SMR1. To test this hypothesis, we investigated whether CABS1 might be found in human saliva and whether its levels might be influenced by acute or prolonged stress, perhaps in a manner similar to the effects of stress on cortisol levels in saliva. Specifically, we examined susceptibility of CABS1 to an acute psychosocial stressor in the laboratory with a free speech and mental arithmetic challenge under evaluative threat. This design also allowed us to study the association of CABS1 with typically well-documented, short-term cortisol elevations following stress (24) , as well as cardiorespiratory responses to the stress protocol. CABS1 was also measured in college students during a final exam stress period and compared with a low-stress period during their academic term. This protocol allowed for the examination of stress levels sustained over multiple days and also the association of CABS1 with slower developing inflammatory processes. In addition, we sought to examine the temporal stability of CABS1 levels across multiple weeks. All three studies also provided us with the opportunity to study the association of CABS1 with basic demographics, asthmatic vs. nonasthmatic status, and measures of negative affect, including perceived stress, anxiety, and depression.
METHODS

Overview of Studies
Saliva samples were collected from participants in three studies. Study 1 included a multiple baseline study with five weekly assessments to study the temporal stability of CABS1 and baseline associations with questionnaire measures of negative affect. In study 2, participants were administered a psychosocial laboratory stress-induction tool with a speech and mental arithmetic stressor under evaluative threat, which allowed us to study the response of CABS1 to an acute psychosocial stressor under controlled conditions. Study 3 was an observational protocol of academic final examination stress, allowing us to examine the response of CABS1 to conditions of more sustained real-life stress. Participants in the two stress protocols participated in larger data collections, focused on stress and airway inflammation in health and asthma (57, 74a, 77) , and the protocols included salivary cortisol measures and exhaled nitric oxide as a marker of airway inflammation. VEGF and leukotriene B4 (LTB4)-markers of inflammatory processes-were collected from the upper airways in one of these protocols.
Participants
For the laboratory stress study, participants were recruited mostly from the undergraduate psychology research volunteer pool at a university in the Southwestern US and additionally, from the community. Students received extra course credit points for participation. Those not interested in credit and community participants were reimbursed with $35 (in studies 2 and 3) for their time. Participants had to be free of known respiratory diseases, except for asthma in studies 2 and 3. Exclusion criteria also included self-reported current smoking and any severe heart conditions, such as angina, myocardial infarction, congestive heart failure, transient ischemic attacks, or cerebrovascular accidents. Those with asthma required a physician diagnosis of their condition and no administration of oral or injected corticosteroids in the previous 6 wk (or 3 mo in study 2). Asthma control was rated according to the Global Initiative for Asthma (20a) . Studies were approved by the local Institutional Review Board in accordance with the Code of Ethics of the World Medical Association (Declaration of Helsinki), and all participants provided written, informed consent.
Collection of Saliva
Saliva samples were collected with cotton swabs (Salivettes; Sarstedt, Newton, NC), which participants placed in their mouth for 2 min. Once completed, participants placed them into individual plastic capsules. Samples were frozen at -80°C until they were analyzed. For analyses, cotton swabs were centrifuged, and collected saliva volumes were recorded to account for changes in salivary flow, which may affect protein concentrations across assessments.
Salivary samples were shipped to the University of Alberta (Edmonton, AB, Canada) on dry ice and then stored at Ϫ20°C until analyses. As described previously for Western blot analyses (71) , saliva samples were boiled in 1% SDS with 20 mM 1,4-DTT for 5 min, and then proteins were separated on 12% polyacrylamide gels (25 g salivary protein solution was loaded for each sample) and transferred to nitrocellulose membranes (Bio-Rad Laboratories, Mississauga, ON, Canada). Prestained protein standards (Bio-Rad Laboratories) were run on each gel with rabbit anti-CABS1 (immunogen was amino acids 184 -197; DEADMSNYNSSIKS) primary antibody that was affinity purified with the immunogen (previously identified as H2 antibody AB_2571742) (71) at a final concentration of 3 g/ml. Preimmune serum from rabbit H2 was used as an isotype control, and as a blocking control, the immunizing peptide was incubated in 10ϫ amounts (30 g/ml) with H2 (3 g/ml) for 18 h before applying to the membrane. Omission of the primary antibody was also used as a negative control. The secondary antibody was IRDye 800CW goat anti-rabbit (1:10,000; AB_621843; Mandel, Guelph, ON, Canada). Mouse anti-human ␤-actin (AB_1119529) was used to assess protein loading (1:5,000; Santa Cruz Biotechnology, Dallas, TX) with the secondary antibody, goat anti-mouse IRDye 680 (AB_10956588; Mandel). Blots were visualized with an Odyssey imager (Li-Cor Biosciences, Lincoln, NE) by scanning simultaneously at 700 and 800 nm. Odyssey software was used for molecular weight determination and quantitation of band intensity on Western blots.
To standardize quantitation of bands, an internal control was established using a human submandibular gland extract that we previously described (71) . This standard sample was run on each Western blot, and all immunoreactive bands detected in saliva were normalized to the 27-kDa band from this human submandibular gland extract and reported as relative fluorescent units. All saliva samples were run in duplicate on different days, and their normalized values were averaged.
Detection of Salivary Cortisol
Salivary cortisol concentrations were determined using a commercially available kit, Coat-A-Count cortisol kit (cat. no. TKCO2; Siemens Medical Solutions Diagnostics, Los Angeles, CA), which had a detection limit of 0.03 pg/ml with serial dilution of the lowest calibrator standard.
Additional Physiological Measures
Fractional exhaled nitric oxide (FE NO) was measured with a handheld electrochemical analyzer (Niox Mino; Aerocrine, Solna, Sweden) in accordance with current guidelines (1, 68) . Major sources of measurable airway nitric oxide are epithelial cells in healthy individuals and a variety of immune cells, including macrophages, mast cells, and eosinophils, in individuals with allergic asthma (19, 20, 33, 52) . One exhalation was performed against a stable resistance of 50 ml for a duration of 10 s. Participants were instructed not to eat and only to drink water, 2 h before assessments, to avoid the influences by nitrate-rich foods. Exercise or heavier physical activity was also discouraged for at least 1 h before the session. Spirometric lung function was measured in study 3 with a hand-held electronic spirometer (AM2; Jaeger/Toennies, Würzburg, Germany) as the best of three blows.
As parameters reflecting upper airway inflammatory activity, VEGF was measured in nasal fluid and LTB4 in nasal fluid and saliva. Collection of saliva followed the same protocol as outline above. Nasal fluid was sampled by 3 ml saline solution (0.9% sodium chloride; Addipak Unit Dose Solutions, model HUD20039; Teleflex Medical, Morrisville, NC), instilled into each nostril with an Intranasal Mucosal Atomization Device (LMA MAD Nasal syringe; Teleflex Medical). The liquid was collected in a kidney dish and transferred into small storage tubes (58, 74a) .
The samples were stored immediately at -80°C. For analysis, samples were concentrated twofold using an Eppendorf Vacufuge and a Fisher Scientific MaximaDry vacuum pump. With the use of enzyme immunoassay kits (Enzo Life Science, Plymouth Meeting, PA), the amounts of LTB4 and VEGF were determined, as described in Trueba et al. (74a) . The detection limits of the kits were 5.6 pg/ml for LTB4 and 14.0 pg/ml for VEGF. Controls were performed that showed that the increased salt concentration, resulting from the vacuum concentration of the samples, did not affect the sensitivity of the kits.
In study 2, the electrocardiogram and respiration were measured by respiratory inductance plethysmography (LifeShirt; VivoMetrics, Ventura, CA) with two inductance bands for the thorax and abdomen, with Ag/AgCl electrodes placed on the sternum, left costal arch of the 10 th rib, and left clavicle. Signals were amplified and analog-to-digital converted with a sampling rate of 200 Hz. Bands were calibrated using a fixed volume bag (800 ml), followed by offline qualitative diagnostic calibration (62) and fixed volume calibration. A dedicated biosignal analysis program (Vivologic; VivoMetrics) was then used to eliminate artifacts (e.g., ectopic beats, movement artifacts) and extract relevant parameters. For respiratory parameters, tidal volume (V T) and total respiratory cycle time (T TOT) were extracted and also used to calculate minute ventilation (V E). Heart rate (HR) was calculated from the distance between adjacent R-waves. The cardiac T-wave amplitude (TWA; in millivolts) was extracted using the ECG boundary location function (32) , embedded in the AcqKnowledge biosignal analysis software package (version 4.1; Biopac Systems, Goleta, CA). The TWA has been used as a surrogate measure of cardiac sympathetic activity because of its sensitivity to isoproterenol and ␤-adrenergic blockade (15, 31, 43, 51) . In adults, stressful laboratory challenges typically attenuate the TWA (25, 31, 64) . Although measures from impedance cardiography are more common for noninvasive estimation of cardiac sympathetic activity (50, 67) , the implementation of this technique was not possible in this study because of the potential for interference with the respiratory inductance plethysmography measurements. As a noninvasive estimate of cardiac vagal activity, respiratory sinus arrhythmia (RSA) was extracted from fluctuations of the interbeat interval in the time domain by the peak-valley method (21) using the customized RSA Toolbox software (65) . RSA was log transformed to improve distributional characteristics. Because RSA is strongly influenced by the respiratory pattern (5, 9, 21, 22, 26) , with both longer and deeper breaths increasing RSA-potentially independent of cardiac vagal activity changes-an additional withinindividual correction of RSA was used (56) . Raw RSA was normalized by VT (RSA/VT); then coefficients from a within-individual regression equation, based on the pace-breathing measurements, were used to determine the predicted RSA/VT for any given TTOT during the experiment; and the deviation of observed from predicted RSA/VT was then calculated. This strategy has been shown to improve the estimation of cardiac vagal activity (21, 55, 63) . The grand mean of unadjusted RSA/VT was added to obtain the respiration-corrected RSA, and the resulting values were log transformed. Results are also reported for respiration-uncorrected logRSA, to allow comparison with existing literature that does not control for respiration.
Questionnaire Measures
The Hospital Anxiety and Depression Scale (HADS) (16, 85) was used to assess depressive mood and anxious mood in the past week. Current-state negative affect was assessed with the negative affect subscale of the Positive Affect Negative Affect Schedule (PANAS-NA) (82) . An additional ad hoc rating scale (0 ϭ "not at all"; 10 ϭ "extremely") was used to measure how much stress participants felt in the moment in study 1. Perceived stress was assessed with the Perceived Stress Scale (PSS) (13, 14) , which measures feelings of being overwhelmed and unable to cope with challenges in the past 4 wk. The 10-item version was used at the beginning of all studies, except for approximately one-half of the participants of study 1 (n ϭ 30), who were administered the abbreviated four-item version to reduce the overall burden of the assessments in the second wave. Symptoms of acute upper respiratory infections (common cold) were measured with the Wisconsin Upper Respiratory Symptom Survey (WURSS)-21 (3). Symptom severity was captured with 10 items on an 8-point scale, ranging from 0 ("do not have this symptom at all") to 7 ("severe"). The scale has good change sensitivity and a positive association with biological infection markers (3, 4) .
Procedures
Study 1. For multiple baseline assessments, participants were invited for five weekly assessments over a period of 4 wk. Day of the week was kept constant for individual participants, as was time of day (between 8 AM and 6 PM) to control for diurnal effects. In each session, participants provided saliva samples and performed measurements of FeNO. Afterwards, participants completed a questionnaire battery at a computer terminal. Upon completion of the fifth visit, participants were debriefed about the purpose of the study.
Study 2. Participants attending sessions in this study were administered the Trier Social Stress Test (30) . Sessions were scheduled in the early afternoon, beginning between 12 and 3 PM. Initially, participants completed a questionnaire battery, including trait measures of stress, anxiety, and depression. After the baseline assessments, the participants were told that they will be asked to give a presentation, which should make a particularly good case for them as candidates for the chief executive officer position of a major US retailer. Two "experts on presentation skills" (one male and one female confederate of the experimenter), who would evaluate the performance regarding intelligence, creativity, and body language, were then introduced briefly to the participants. Each participant was then given 5 min alone to prepare the speech. Afterwards, the experts returned, and the participant was expected to give a 5-min speech standing in a conference room with a video camera turned on. Then, the participants were unexpectedly asked to perform a mental arithmetic task that consisted of subtracting the number 13 from the number 6,233 and to keep subtracting the remainder aloud as accurately and as quickly as possible. The duration of the mental arithmetic task was 5 min. Throughout, the confederates were required to maintain neutral facial expression and offer no encouragement. Only simple instructions were provided to continue with the speech or to start again from the beginning when the arithmetic task contained a mistake. Saliva samples were scheduled at 15 and 0 min prestress and at 0, 15, 30, and 45 min poststress. Participants also completed a questionnaire on momentary negative affect at these time points. Quiet sitting measures of cardiac and respiratory activity were initiated 3 min before saliva sampling and FENO measurement at 18 and 3 min prestress and at 12, 27, and 42 min poststress. Additional measures during the 10 min of stress task performance were extracted in 2.5-min increments, of which the last 2.5-min increment of the mental arithmetic task was used as a measure preceding the first 0-min poststress saliva sample. For poststress assessments, participants returned to sitting posture and were then fully debriefed, and the experimenter explored any signs of residual distress. Before the session, participants with asthma were asked to discontinue shortacting bronchodilators for 6 h, long-acting beta-adenergic agonists for 12 h, and leukotriene modifiers for 3 days.
Study 3. Participants provided data at three assessment points: one at a low-stress period during the middle of the term when participants had no exams or major projects and two during the 10 days of final academic exams at the end of the term. The low-stress assessment was scheduled 2-6 wk before the first final exam assessment. During the exam period, an early and a late final exam assessment were spaced 5 to 7 days apart. Assessments thus captured sustained academic pressures associated with a final exam period rather than acute stress of an examination (6) . To control for diurnal effects, each participant was scheduled at the same time of day for all assessments. At each assessment, participants completed a questionnaire package, followed by saliva collection and FE NO assessments. After the third session, participants were thanked and debriefed about the purpose of the study. For participants with asthma, the same instructions for discontinuation of medication were used as in study 2.
Data Reduction and Analyses
In study 1, data were obtained from a total of 64 participants (51 women). Three of the participants had asthma and were excluded from the group statistics to reduce potential variability. From the remaining participants, 60 provided samples in the first and second assessment, 48 in the third assessment, 50 in the fourth assessment, and 47 in the fifth assessment. Pearson correlations were calculated to study the stability of the levels of the 27-kDa band across assessments. Studies 2 and 3 involved 16 (11 women) and 19 participants (18 women), respectively (Table 1) .
Mixed effects models (MEMs) were used to analyze the data, since these models are intent-to-treat analyses that include all subjects, regardless of missing data. Two sets of analyses were conducted for each study. First, we examined the longitudinal associations between the 27-kDa band and possible related predictors, including demographics, mood, lung function, and physiological measures. Because recent research indicates that to assess accurately the longitudinal relations between variables, one must disaggregate the betweensubjects effects from the within-subjects effects (81), we first calculated the average level of each predictor for each individual across the assessments. This average level provided the score for the betweensubjects differences in the predictor. Then, for each predictor, we calculated the deviations from the average level for each individual at each assessment. These deviation scores provided the within-subjects measures of changes in the predictor over time. Both the deviation scores and the average scores were included as predictors of the 27-kDa band in the MEMs. We also included asthma status (yes/no), age, body mass index (BMI), and time as control variables in all analyses.
The second set of analyses examined the change in our variables over time. These analyses were performed as repeated-measures ANOVAs, using MEMs to calculate the ANOVAs (which therefore retain all participants regardless of dropout or missing data). We modeled the covariance matrix of the errors of the repeated measures as "unstructured" in all MEMs.
RESULTS
Abundance of Bands Immunoreactive to CABS1
Western blot analyses of the saliva identified a 27-kDa band of CABS1 in each of the 99 participants of the 3 studies (for basic description of participants, see Table 1 ). In 13 participants across the three studies, low-abundance CABS1 immunoreactive bands below 27 kDa were also detected at 20, 18, 15, and/or 12 kDa (Table 2 and Fig. 1 ). The extra bands were seen in relatively greater proportions in men (20.8%) than women (10.6%). They also tended to co-occur; thus three women and one man showed both 18 and 12 kDa bands, one man showed bands at 18, 15, and 12 kDa, and two women showed all four bands at 20, 18, 15, and 12 kDa. The 12-kDa band was found alone in two women and the 18-kDa band alone in three men and one woman. Participants with extra bands below 27 kDa self-identified as white, except for one with a 12-kDa band who was African-American and had asthma, and one with an-18 kDa band who was Hispanic and had no asthma. One of the women with all four additional bands identified as white and had asthma.
An additional 10 participants also showed bands with a higher molecular mass between 33 and 90 kDa (Fig. 1) ; 6 of these were asthmatic. Proportionally, extra bands above 27 kDa were seen more in men (16.6%) than women (8%). A band at 55 kDa was most frequently seen, and it co-occurred with the 90-kDa band in five cases (2 of these were men). One man showed all three bands at 33, 55, and 90 kDa. All participants with extra bands in this range self-identified as white, except for one African-American woman with bands at 55 and 90 kDa. Temporal consistency of CABS1 27-kDa band intensity levels in saliva. The consistency of the 27-kDa band intensity (relative fluorescent units normalized to the standard) in 25 g salivary protein between individuals was very good to fair in the range of test-retest reliability estimate ϭ 0.51-0.86 (Table  3 ; lower correlation matrix) across all weeks. This was comparable with the consistency of FE NO levels (Table 3 ; upper correlation matrix). Consistency of the levels did not decline for the 27-kDa band as a function of time, whereas such a decline was the case for FE NO . Intensity of the 27-kDa band across weeks did not change significantly for the sample overall, although there was some fluctuation of individual intensity levels (Fig. 2) . Saliva volume did not change significantly across time points (P ϭ 0.537).
Association of the CABS1 27-kDa band with demographics and negative affect. No significant associations were found for the quantitative assessment of the 27-kDa band with age, gender, race, or ethnicity. The quantity of the 27-kDa band was positively associated with BMI (P Ͻ 0.05). Participants with overall higher ratings of current stress had higher amounts of the 27-kDa band (P Ͻ 0.001), as had those with a higher depressive mood in the past week (HADS depressive mood; P Ͻ 0.05), as well as those with a higher anxious mood in the past week (HADS anxious mood; P Ͻ 0.10), after controlling for age, gender, BMI, and assessment wave.
Association of the CABS1 27-kDa band with airway nitric oxide. FE NO changes from week to week were positively associated with 27 kDa band changes (P Ͻ 0.01), after controlling for age, gender, BMI, and assessment wave.
Acute Laboratory Stress: Study 2
Effects of acute stress on the CABS1 band at 27 kDa in saliva. MEM analysis indicated that the 27-kDa band changed significantly over pre-and poststress assessments (P Ͻ 0.01), with visible and significant increases from 0 min prestress to 0 min poststress (P Ͻ 0.01) and a drop at 45 min poststress (P Ͻ 0.05; Fig. 3 ). Saliva volume varied significantly across time [F(5,13) ϭ 3.66, P ϭ 0.028], which was probably due to higher values for the initial 15-min prestress measurement relative to subsequent measurements, but none of the individual time point comparisons was significant (P Ͼ 0.112).
Association of the CABS1 band at 27 kDa with demographics and negative affect. No significant associations were observed between the levels of the 27-kDa band and age, gender, or race/ethnicity. Changes in PANAS-NA were positively associated with changes in the levels of the 27-kDa band (P Ͻ 0.01) ( Table 4) . NO , and cardiorespiratory activity. MEM analyses, controlling for age, gender, BMI, and time, showed a higher overall 27-kDa band intensity for participants with lower HR (P Ͻ 0.001). Within subjects, greater increases in the 27-kDa band were related to weaker HR increases (P Ͻ 0.001), less reduction in TWA (P Ͻ 0.05), slower breathing (longer T TOT ; P Ͻ 0.01), and greater cortisol increases (P Ͻ 0.05; Table 4 ).
Association of the CABS1 band at 27 kDa with salivary cortisol, FE
Academic Exam Stress: Study 3
Effects of final exam stress on CABS1 in saliva. MEM analysis with the three time points did not show any significant change in the 27-kDa band over time. Including the betweensubject group variable asthma (yes/no) did not change the findings. No group differences or interactions of time with the group variable were found. The 27-kDa band showed a marked variability in the direction of change from low to high stress periods (Fig. 4) . Saliva volume remained stable across measurements (P ϭ 0.775). To examine whether date of sample testing impacted the 27-kDa band, we performed a crossclassified MEM, with baseline date, early exam date, and late exam date as a cross-classified grouping variable for the 27-kDa band level. We found no effect of any cross-classified groupings (baseline data, early exam date, or late exam date) on the level of the 27-kDa band (P Ͼ 0.238).
Association of the CABS1 27-kDa band with demographics, negative affect, and asthma. The 27-kDa band was not substantially associated with age, gender, or asthma status but showed a marginal positive association with BMI (P Ͻ 0.10). Variables of negative affect were not significantly associated with the band in this sample ( Table 5) .
Association of the CABS1 27-kDa band with salivary cortisol and FEV 1 . The levels of the 27-kDa band were positively and significantly associated with levels of cortisol, both between (P Ͻ 0.01) and within (P Ͻ 0.05) subjects, after controlling for group, age, BMI, and time (Table 5 ). Thus participants with higher overall levels of cortisol had higher 27 kDa band values, and changes in cortisol from low to high stress exam periods were also positively associated with changes in the 27-kDa band. No association was found between CABS1 in saliva and forced expiratory volume in the first second (FEV 1 ). Association of the CABS1 27-kDa band with inflammatory markers. FE NO increases within subjects were associated positively and in concordance (P Ͻ 0.10) with the 27-kDa band, but the addition of time as a covariate eliminated the effect. Between subjects, higher levels of salivary LTB4 and nasal VEGF across assessments were associated with higher levels of the 27-kDa band (P Ͻ 0.05; Table 5 ).
Exploratory Analyses of Additional Immunoreactive Bands in the Three Studies
Because few participants showed additional bands immunoreactive to CABS1 beyond the 27-kDa band, analysis of these bands was highly exploratory. The 18-kDa band in five participants of study 2 showed a substantial increase following the stress test (Fig. 5) , with a significant time effect in the MEM analysis [F(5,19) ϭ 7.31, P Ͻ 0.001] and significant elevations in levels from 0 min prestress to 0 min poststress (P Ͻ 0.001) and 30 min poststress (P ϭ 0.029). These participants showed no change in PANAS-NA from 0 min prestress to 0 min poststress compared with the remaining 11 participants who showed increases in PANAS-NA but lacked the additional bands (Mann-Whitney U ϭ 0.00, P Ͻ 0.001; in Fig. 6A , note that U was 0 because there was no overlap in ranks between both groups). Significant increases following the laboratory stressor were also observed in seven participants who showed a 55-kDa band [F(5,28) ϭ 3.37, P ϭ 0.017], with significant elevations from 0 min prestress to 0 min poststress (P Ͻ 0.001). However, participants with this band did not differ in their PANAS-NA response from those without the band. Elevations after stress were also observed in the 90-kDa band (n ϭ 5 participants), but no significant time effect emerged (P ϭ 0.333).
In study 3, although only two participants showed additional CABS1 bands, the abundance of the 20-, 18-, 15-, and 12-kDa molecular forms was elevated at the late exam stress time (5-to 60-fold) compared with the baseline or early exam stress period.
Participants with additional bands at molecular mass 12-18 kDa showed significantly lower values in the PSS in study 2 [U ϭ 7.0, P ϭ 0.018 (n 1 ϭ 5, median ϭ 5; n 2 ϭ 11, median ϭ 16)] and a trend toward lower values in the second wave of study 1 [U ϭ 36.5, P ϭ 0.065 (n 1 ϭ 6, median ϭ 7.5; n 2 ϭ 24, median ϭ 11)] (Fig. 6, B and C) . No participants of those receiving the 10-item version of the PSS in study 1 showed additional bands. Participants with additional bands at molecular mass 33-90 kDa did not show significantly lower values in PSS than those without these bands.
DISCUSSION
Our studies provide the first description of CABS1 and its multiple forms in human saliva and the association with psychological stress and inflammation. The predominant molecular form of CABS1 was detected at 27 kDa, and additional immunoreactive bands were also identified between 12 and 20 kDa and between 33 and 90 kDa in a small (13/99 and 10/99, respectively) number of participants. We originally identified CABS1 in human salivary gland extracts (71) during our search for a human protein with a sequence similarity to the anti-inflammatory peptide sequence near the carboxy terminus of the rat prohormone, SMR1 (36, 44) . The Smr1 gene we studied in rats is not present in humans, and although sequence similarity for other peptides derived from Smr1 with analgesic or erectile function activities had been identified in human PROL1 and SMR3A and SMR3B genes (73, 74, 79) , the human gene with a sequence similar to the anti-inflammatory sequence from Smr1 was unknown. Interestingly, just as SMR1 has many molecular forms that vary in size and isoelectric point (45) , with the use of Western blot analyses and five different anti-CABS1 antibodies, we identified several molecular forms of CABS1 in salivary gland extracts, lungs, and testes, with evidence for organ-specific differences in the forms. With the use of mass spectrometry, we confirmed the presence of CABS1 sequences in bands at 75, 51, 33, 27, 20, and 16 kDa from a CABS1 overexpression lysate but could not confirm or refute that an 11-kDa form was CABS1 (71) . The predicted molecular size of human CABS1 is 43 kDa, a size inconsistent with any of the bands that we identified. Given our mass spectrometry data, we suggested that both the 75-and 51-kDa forms represent full-length CABS1 (good sequence coverage 69 -73%) but could provide no explanation for the two molecular mass forms. Interestingly, others have similar observations with CABS1 from rat testes at 79 kDa (11), from mouse testes at 66 kDa (29), and from porcine testes at 70 and 75 kDa (66). CABS1 immunoreactive bands below 51 kDa presumably represent fragments of fulllength CABS1 (proteolysis).
There are several potential explanations for detecting proteins at various estimated molecular weights relative to that predicted by their amino acid sequence, including the following: glycosylation, aggregation, proteolysis, and anomalous SDS binding due to amino acid content. Calvel et al. (11) provided evidence that CABS1 is an intrinsically disordered protein with a low isoelectric point (3.4), lacking a fixed or ordered structure and with unusual behavior in electrophoretic separation. Moreover, these authors showed that CABS1 is hypersensitive to trypsin digestion, suggesting structural flexibility and susceptibility to digestion with various proteases. This is consistent with our observations of multiple immunoreactive bands in salivary gland extracts, testes, and lung (71) and in saliva and tissue-specific distinctions in the band profiles, presumably determined, at least in part, by the protease cocktails in each tissue or fluid.
As we experienced with salivary gland extracts and despite several attempts to immunoprecipitate and sequence CABS1 immunoreactive bands from saliva, it is a limitation of our work that we have been unable to confirm the identity of these immunoreactive bands with mass spectroscopy. Our current hypothesis is that CABS1 is in relatively low abundance (we can detect by Western blot but are unable to see corresponding bands using silver staining or Coomassie brilliant blue), in part, because it is an intrinsically disordered protein that is highly susceptible to proteolytic cleavage, further lessening the abundance of any particular molecular form.
The 27-kDa form of CABS1 was present in the saliva from all participants and aligns well with 27 kDa in extracts of human salivary glands, lung, and testes (71) . Although in some salivary gland extracts, the 27 kDa appeared to be a doublet (71), we could not clearly establish a doublet in saliva, perhaps because the band in saliva was relatively disperse, suggesting multiple forms. Whether the bands detected in saliva at 20, 18, 15, and 12 kDa are the same as CABS1 bands detected at 20 kDa and below in salivary gland extracts (20, 17, 16 , and 11 kDa) remains to be determined. Nevertheless, given our work with several anti-CABS1 antibodies, mass spectroscopy sequencing of CABS1 molecular mass forms from overexpression lysates, and with several tissues, it is likely that all of these molecular forms in saliva have CABS1 sequences, i.e., are fragments of CABS1. Interestingly, the molecular mass forms of CABS1 at 20 kDa and below were seen only in 13% of participants and relatively more in men (20.8 vs. 10.6%). Similarly, CABS1 forms at 33 kDa and above were seen more often in men (16.6%) versus women (8.0%). Sex differences in the prevalence of CABS1 forms would be consistent with the evidence of sexual dimorphism in SMR1 expression in rats (61) . Larger samples with more equal ratios of men and women would be needed to consolidate these findings. It is tempting to speculate that the different molecular forms of CABS1 will have overlapping but potentially also distinct functions, including anti-inflammatory activities associated with the TDIFELL motif and with putative differences in their three-dimensional structures and potential receptor systems, as previously explored in studies of SMR1 and its molecular forms (37, 42, 60) .
In part, because rat SMR1 is a marker of stress (61), we analyzed the levels of the CABS1 bands in saliva in response to standardized psychological stress induction, and their association with real-life stress, as well as common questionnaire measures of distress, and generated some intriguing findings. In general, findings suggest a sensitivity of CABS1 to acute stress and an association with self-reporting of perceived stress and depressive mood. Intensity of the 27-kDa band significantly increased following the laboratory psychosocial stress paradigm. On the other hand, no systematic changes were observed across periods of longer-lasting stress in our observational paradigm of academic finals stress. However, the variability of the 27-kDa band in the latter paradigm was considerable, with some individuals showing pronounced increases, others decrease, and others little change. It is possible that in longer real-life observational periods, additional moderator variables become more relevant that were not captured by our assessment protocols, such as individual coping resources or factors of changing environmental demand. Interestingly, greater increases in 27 kDa band intensity were associated with greater increases in cortisol in both the laboratory acute stress and chronic academic final examination protocols, suggesting an association with hypothalamus-pituitary adrenal axis functioning across different types of psychological stress (note that this association was found despite significant average changes of CABS1 and cortisol in the academic finals stress study). The observed between-subject association of salivary cortisol levels across assessments of academic finals stress further supports a link with hypothalamus-pituitary adrenal axis function. Whether these correlational findings represent any correspondence in the underlying physiological process remains to be explored. Recent research has shown that cortisol is not equally responsive to all types of stress; rather, it is particularly elevated in psychosocial stress and situations that constitute a threat to social self-esteem of the individuals and elicit social emotions, such as shame (23, 69) . Thus our picture of hormonal adaptations to stress is far from complete. We do not view the purpose of our research in the identification of one, or the best, stress marker, but in the identification of the variety of possible organ and tissue responses to the variety of stress situations and styles of coping with stress. The present findings suggest that CABS1 protein secretion by the salivary glands is one of the hormonal pathways responding to stress, but whether it is activated in a more global fashion or more specific to particular stress challenges still has to be elucidated. Our initial finding of a diverging response to acute vs. chronic stress challenges is more suggestive of specificity.
Interestingly, the pattern of associations with autonomic and respiratory function across the acute stress protocol suggested an involvement in system deactivation rather than activation. Increases in 27-kDa band intensity were linked to slower breathing with reduced V E , reduced HR, and larger TWAs, the latter being suggestive of a reduced cardiac sympathetic activation. At the same time, no association was observed with RSA as an index of cardiac parasympathetic function. It therefore appears that CABS1 is related to an attenuated cardiorespiratory response to acute stress through dampening of sympathetic excitation. Because rat SMR1 secretion is regulated by both branches of the autonomic nervous system (45) , with larger quantities of protein secreted in sympathetic stimulation, it is possible that the observed associations with human CABS1 may more closely reflect the effective outcome of CABS1 secretion on the autonomic and respiratory systems than the coordination of its initial secretion in response to stress. One function of CABS1 may be the dampening of acute stress responses, consistent with the interpretation that regulation of SMR1, the rat analog of CABS, may serve as a pathway in the organism's protective responses, including anti-inflammatory activities following a variety of insults (45) . Protocols with more frequent collection of saliva samples throughout stress periods or direct manipulation of the CABS1 pathway will be needed to determine the exact temporal trajectories of CABS1 secretion relative to changes in autonomic excitation.
Another interesting finding with the 27-kDa band of CABS1 was its systematic association with self-reported distress. Positive associations were found with changes in momentary affect across the acute stress protocol, with momentary stresslevel ratings across multiple baseline assessments, and with questionnaires of perceived stress and depression in the past week(s). These findings are compatible with CABS1 upregulation during acute stress but complicate the interpretation of CABS1 associations with autonomic and respiratory parameters in acute stress. Thus whereas it appears that distress experience increases the CABS1 27-kDa band with some consistency, physiological concomitants are only partly compatible with such stress-induced increases. At this point, it is unclear whether this could be a reflection of other recent findings of reduced cardiac stress reactivity in depressed individuals (12, 35) . Larger studies involving clinical groups and more extensive stress protocols will be needed to shed more light on these findings. Perhaps distinct functions of the multiple molecular forms of CABS1 will also help explain some of the complexities (see below).
The observational protocol of academic finals stress also enabled us to study CABS1 relative to slower developing inflammatory processes. Consistent with a role of SMR1 in inflammation, demonstrated in previous studies in animal models (39, 45) , we expected to find positive associations of CABS1 with indicators of inflammation in nasal and lowerairway passages, as suggested by the positive association with FE NO changes across multiple baselines and nasal VEGF in the academic stress study (study 3). Similarly, salivary LTB4 levels also showed a positive association with the 27-kDa band, and a tendency toward higher intensities in this band was also found for participants with asthma in one study. Both LTB4 and VEGF are mediators involved in inflammation and airway infection, orchestrating leukocyte traffic to infected sites and enhancing vessel growth to support increased perfusion. FE NO levels could indicate inflammation of the airways, because a number of immune cells, such as macrophages and mast cells, secrete nitric oxide under this condition (19, 20, 52) . However, given that FE NO was observed in healthy participants across multiple weeks, it is more likely that FE NO levels were indicative of a constitutional secretion of nitric oxide by epithelial cells, a major source of this gas in the absence of allergic processes (33) . Under these conditions, nitric oxide supports innate immune functions by providing an early line of defense against pathogens (49, 80) . For the CABS1 27-kDa band, the positive association with FE NO changes may therefore indicate a role in infection, which would be consistent with the role of the anti-inflammatory sequence in reducing concomitants of LPS-induced lung inflammation in an animal model (71) . However, associations with the WURSS, a questionnaire measure of perceived cold symptoms (3), were nonsignificant. It should also be noted that both positive and negative associations of CABS1 with inflammatory parameters and symptoms could be interpreted as a role of CABS1 in counteracting infection (negative associations could indicate that a lack of CABS1 facilitates inflammation; positive associations could mean that inflammation leads to a protective or restorative mobilization of CABS1). Thus a more definite interpretation of the significance of fluctuations of CABS1 levels in saliva or of CABS1 in lung tissues (71) during airway inflammation must come from future mechanistic and longitudinal studies. Taken together, fluctuations in both longitudinal airway nitric oxide levels and individual differences in nasal and oral mediators of inflammation are positively associated with the levels of the 27-kDa band of CABS1 in saliva.
The additional immunoreactive bands of CABS1 at molecular mass 12-20 kDa also showed evidence for responsivity to stress, with 18 kDa, in particular, showing strong elevations following the acute laboratory stressor. However, different from the associations uncovered for the ubiquitous 27-kDa band, the presence of this band was associated with psychological unresponsiveness to acute stress, since no change in negative affect from before to after the stressor was observed in participants with this band. Additionally, in studies 1 and 2, values of the PSS, a measure capturing perceived stress levels retrospectively over the past weeks, were lower in those with the 18-and 12-kDa bands than in those without additional bands. The differences were particularly pronounced in study 2, which used a longer version of the PSS, in that scores of participants with the additional bands were less than one-half of those of the other participants. It is therefore possible that additional bands provide a marker of stress resilience. The interpretation is compatible with the pattern of cardiorespiratory deactivation associated with the 27-kDa band observed in the acute stress protocol, but it is at odds with the significant positive associations observed for this band with self-reported measures of distress. It is possible that different molecular forms of CABS1 yield functionally diverging effects. Unfortunately, these observations were limited by the small number of individuals who showed the additional bands and must await replication in larger studies.
Our exploration of CABS1 in human saliva and its association with distress were limited by small sample sizes in individual studies and an overall unequal gender distribution with relatively fewer male participants. Thus further replication of our findings is needed. Our study population was also mostly composed of young undergraduate student volunteers, thus limiting the generalizability of our findings to the general population. Despite these limitations, our findings provide first evidence for the importance of psychological distress in the regulation of CABS1 and its various molecular weight forms in saliva. Although associations with endocrine, autonomic, and immune function were observed, they were modest in size and could indicate an independent role of salivary CABS1 in adaptation of the organism to a stressful environment.
Perspectives and Significance
Our results with CABS1 in humans suggest that as in rats, there is exquisite autonomic control of biologically important molecules produced by the salivary glands. CABS1 in humans and SMR1 rats are both responsive to stressful stimuli and are both processed into several molecular forms, at least some of which contain an anti-inflammatory peptide motif. Interestingly, only human-but not rat, mouse, bovine, or porcine-CABS1 contains the sequence TDIFELL (66, 71) , similar to the anti-inflammatory sequence TDIFEGG, in rat SMR1. Given that in humans, not only CABS1 but also SMR3A, SMR3B, and proline-rich lacrimal 1, have homologies with the rat prohormone SMR1 (73, 74, 83) , it will be intriguing to determine if these genes and their proteins are also associated with stressful stimuli. Furthermore, this raises crucial questions about the potential roles of these proteins and their processed forms in the responses to distress or potential to eustress, the locations in the body where they act, and their mechanisms of action. Presumably, the actions of CABS1 or some of these other proteins support or modulate the stress response, and whether some have a functional role in an evolutionary sense (e.g., facilitate mobilization of the organism to challenges or strengthen its defenses or resilience), have pathological significance or consequences (e.g., are indicative of pathophysiological processes or facilitate them), or might be of therapeutic value (e.g., as agents that dampen stress responses, pain processes, or inflammation) is a direction for future research.
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